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Uncertainty, Sensitivity Analysis, and Causal Identification in the Arctic using a Perturbed

Parameter Ensemble of the HiLAT Climate Model

Elizabeth Hunke, Jorge Urrego-Blanco, Nathan Urban
T-3 Fluid Dynamics and Solid Mechanics, CCS-2 Computational Physics and Methods

Objective and Approach: Coupled climate models have a large number of input
parameters that can affect output uncertainty. We conducted a sensitivity analysis of sea
ice properties and Arctic related climate variables to 5 parameters in the HiLAT climate
model: air-ocean turbulent exchange parameter (C), conversion of water vapor to clouds
( ) and of ice crystals to snow ( ), snow thermal conductivity
( ), and maximum snow grain size ( ). We used an elementary effect (EE)
approach to rank their importance for output uncertainty. EE is an extension of one-at-a-
time sensitivity analyses, but it is more efficient in sampling multi-dimensional parameter
spaces. We looked for emerging relationships among climate variables across the model
ensemble, and used causal discovery algorithms to establish potential pathways for those
relationships.
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Ranking of input
parameters for
sensitivity of
Arctic climate
variables in the
HILAT climate
model.

Uncertainty in model output from the ensemble of 24 coupled climate
simulations: Colored boxes indicate the 25% and 75% percentiles, with the median
value shown as a horizontal white line, and the whiskers span the minimum and

: total ice volume, (c)

: mean large scale snow

: mean sea level pressure over the Beaufort High region, (f)
: mean sea level pressure over the Aleutian Low region, (g)

pressure over the Siberian High region (h)

: mean air surface specific humidity.

: mean sea level
: mean air surface temperature,



Relationship between the seasonal net downward longwave at
the ice-ocean surface and the total Arctic sea ice area. Two
distinct modes are identified in the melting and freezing
seasons in the 24 coupled model simulations, which differ
substantially from what is obtained in a 400-member ensemble
of standalone sea ice model simulations.
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Impact: We identified the relative importance of
clouds, sea ice, and coupling parameters in
simulating sea ice in a coupled climate model. The
results have revealed mechanisms of ice-ocean-
atmosphere interactions which can have impact for
predictability studies. The results can also guide
calibration of coupled climate models.
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Relationship between the
seasonal Beaufort High sea
level pressure and the total
Arctic sea ice area in Fall. A
strong relationship between
them is identified in the 24
coupled model simulations in
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